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1 Introduction
In RAN #90 meeting, the work item ‘on support of reduced capability NR devices’ was approved in [1] with the following objectives to specify UE complexity reduction features:   
	This WI has the following objectives: Additional objectives may be added in RAN#91e based on the finalization of the RAN2 part of the RedCap SI.
· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
· [bookmark: _Hlk58502603]Specify higher layer support of enhancements listed above [RAN2, RAN1]. Details are to be refined at RAN#91e taking the outcome of the RedCap SI into account, and work on this objective shall start after RAN#91e:
· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks and allow operators to restrict their access if desired.
· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331).
· Specify RAN4 core requirements for the above. 
Notes:
· Rel-15 SSB bandwidth is reused and L1 changes minimized.
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs is to be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.
· The work in other WGs than RAN1 starts after RAN#91e.
· [bookmark: _Hlk58575355]The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.



In this contribution, we provided our views on the pending issues that are left to RAN plenary #91 for final decision. 

2. Discussion
2.1	Support of UE complexity reduction features  
One of the core requirements for the three use cases of Redcap, as described in [1], is significantly lower device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16, taking into account the use cases specific requirement such as data rates, latency, battery lifetime and reliability captured in [1]. 

[bookmark: _Ref33780037][bookmark: _Ref40277349]2.1.1 Reduced number of UE Rx branches 
One of open issues is related to the reduced number of UE Rx branches for FR1 where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports. Two options were identified as follow: 
· Alt 1: N=2
· Alt 2: N=1, where N=2 is also supported 

The cost and complexity reduction benefit by reducing number of UE Rx branches were captured in Table 7.2.2-1 of clause 7.2.2 in draft TR 38.875 [2]. 
Table 7.2.2-1: Estimated relative device cost for reduced number of UE Rx branches [2]
	Reduced number of UE Rx branches
	FR1 FDD
(2Rx  1Rx)
	FR1 TDD
(4Rx  2Rx)
	FR1 TDD
(4Rx  1Rx)
	FR2 TDD
(2Rx  1Rx)

	RF: Antenna array
	-
	-
	-
	18.2%

	RF: Power amplifier 
	25.0%
	25.0%
	25.0%
	18.0%

	RF: Filters
	4.8%
	7.6%
	3.9%
	4.3%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	25.3%
	30.4%
	17.8%
	23.7%

	RF: Duplexer / Switch
	19.6%
	4.9%
	4.9%
	0.0%

	RF: Total relative cost
	74.7%
	67.9%
	51.6%
	64.2%

	BB: ADC / DAC
	6.4%
	5.2%
	3.4%
	2.4%

	BB: FFT/IFFT
	2.3%
	2.2%
	1.3%
	2.2%

	BB: Post-FFT data buffering
	5.6%
	5.3%
	3.0%
	6.0%

	BB: Receiver processing block
	13.7%
	15.7%
	9.0%
	13.3%

	BB: LDPC decoding
	9.7%
	8.7%
	8.6%
	8.6%

	BB: HARQ buffer
	13.6%
	11.6%
	11.4%
	10.5%

	BB: DL control processing & decoder
	4.9%
	4.0%
	3.9%
	4.9%

	BB: Synchronization / cell search block
	5.1%
	4.8%
	2.7%
	3.8%

	BB: UL processing block
	5.0%
	5.0%
	5.0%
	7.0%

	BB: MIMO specific processing blocks
	8.2%
	7.9%
	7.3%
	15.8%

	BB: Total relative cost
	74.4%
	70.4%
	55.7%
	74.5%

	RF+BB: Total relative cost
	74.5%
	69.4%
	54.0%
	69.4%



As seen in the last row of total cost, the average estimated cost reduction achieved by reducing the number of UE Rx branches are as follows for FR1 TDD: 
· FR1 TDD (4Rx  2Rx): ~31%
· FR1 TDD (4Rx  1Rx): ~46%

Comparing to reducing to 2 Rx branches only, additional 15% cost reduction can be achieved by further reducing to 1 Rx. In addition to cost saving, as captured in draft TR 38.875[2], reduction of number of UE Rx branches is also beneficial in terms of reducing the device size in FR1, which we believe is important for these targeted devices with small form factor such as wearable devices, industrial sense and video surveillance. Some concerns were raised during the discussions that reducing the number of Rx branches to 1 would cause significant coverage loss for downlink channels and hence lead to huge specification impacts to introduce coverage recovery techniques. It is true that reducing the number of Rx branches from 4 to 1 incurs ~3dB additional coverage loss compared to t reducing from 4 to 2. First, note that low antenna correlation was assumed for Redcap coverage evaluation, which is too optimistic for Redcap devices due to small form factor. The gap is expected to be further reduced in real deployment scenario. Second, as captured in draft TR, the downlink channels even with 1 Rx branch is still better than that of the bottleneck channel (i.e., PUSCH channel of reference NR UE). Therefore, reducing the number of Rx branches from 4 to 1 does not require any additional coverage recovery. It maybe arguable that reducing the number of Rx branches to 1 needs coverage compensation for Msg2/Msg4 as well as common PDCCH channel for the 4GHz TDD band with 24dBm/MHz PSD. However, it should be noted that the coverage recovery is caused by the lower PSD, instead of 1 Rx branch. We therefore have the following proposal:
Proposal 1: For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is N, where N = 1. N=2 is also supported by specification. 


2.1.2 Reduced maximum UE bandwidth
In RAN 90 e-meeting, it was agreed in WID [1] to reduce mandatory bandwidth from 100MHz to 20MHz for Redcap UEs in FR1. Support of larger BW e.g., 40MHz was intensively discussed in the email thread and GTW session without reaching consensus. Consequently, it was agreed to further discuss in RAN 91 e-meeting together with other pending issues. In this section, we present our views on this.
Table 1 summarizes the data rate requirements of the Redcap uses cases in [1]. As analysed in study item phase, single layer transmission without DL/UL MIMO with 20MHz bandwidth is sufficiently achieve the peak data rate requirements of video surveillance, industrial sensor, and reference data rate requirement of wearable devices. However, the combination of 20MHz and 64QAM with single layer cannot fulfil the 150Mbps data rate for high-end wearable devices. At least Two Options exist to reach the 150Mbps data rate, one is two MIMO layers and the other is wider bandwidth i.e., 40MHz BW. It is our view that the way to achieve this demanding data rate with minimal impact on the UE is by increasing the max BW rather than the number of RX antennas

Table 2: Data rate requirement for Redcap devices [1]
	
	Industrial sensor
	Video surveillance
	Wearable devices

	DL
	<=2Mbps
	Economic video: <=2~4Mbps
High-end video: <=7.5~25Mbps
	<=150Mbps (Peak), 5~50Mbps (Reference)

	UL
	
	
	<= 50Mbps (Peak), 2~5Mbps (Reference)



Proposal 2: For devices supporting 150Mbps peak data rate, specification allows device to optionally signal 40MHz bandwidth with single Rx antenna.

2.2. On coverage recovery techniques for Redcap
Another open issue to be addressed in RAN plenary #91 e-meeting is how to handle any coverage recovery aspects related to Redcap UE devices, which was captured in the approved WID [1] as follows:
	Notes:
· The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.



One of objectives of Redcap study item is to investigate the coverage recovery techniques to compensate the coverage loss caused by lower antenna efficiency due to smaller form factor as copied below from [3]. 
	Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
· Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB
· The study includes evaluations of the impact to network capacity and spectral efficiency



The coverage of different physical channels is expected to be varied due to different physical channel structures and target performances. In RAN1 103 e-meeting, how to determine the coverage recovery target for Redcap devices was heated debated and the following was agreed: 
	Agreements:
· Agree in principle using Option 3 for determining the coverage recovery target 
· Option 3: The coverage recovery target for each channel of RedCap UE corresponds to the link budget of the bottleneck channel(s) for the reference NR UE within the same deployment scenario
· Note: The reference UE is a Rel-15/16 NR UE with mandatory features only


With this methodology, a list of channels for FR1/FR2 that need coverage recovery were summarized in clause 9.1.5 of draft TR [2]. 

Table 3 briefly captures the observations separately for FR1 and FR2, respectively. 
Table 3: Coverage Recovery Channels based on average evaluation results. 
	
	DL Channels that need coverage recovery
	UL Channels that need coverage recovery

	
	2 Rx branches (If supported)
	1 Rx branch (If supported)
	

	FR1
	FDD
	· None 
	· None 
	· For both TDD and FDD in FR1, PUSCH and/or Msg3 need up to 3dB coverage recovery due to lower antenna efficiency. 

	
	TDD
	· None 
	· Lower DL PSD (24dBm/MHz) 
· 4GHz frequency, PDCCH CSS/Msg4/Msg2. 
· Other frequency: None  
· 33dBm/MHz PSD: None  
	

	FR2
	Not applied 
	· 100MHz BW: None
· 50MHz BW: PDSCH if same target rate is assumed as 100MHz case. 
	· None 


Referring to Table 3, the following observations can be summarized for DL and UL channels, respectively:  
· Downlink Channels
· There is no need of coverage recovery for DL channels with 2 Rx antennas. 
· For 1 Rx antenna, there is no need of coverage recovery as well except for carrier frequency of 4GHz with lower 24dBm/MHz PSD. 
· Uplink Channels
· For FR1, up to 3dB coverage recovery is required for PUSCH and/or Msg3 Redcap devices due to lower antenna efficiency. 
The observations above were also well captured in TR 38.875 as follows as the conclusion of study item: 
	For FR1: 
· For FR1, under the consideration of potential reduced antenna efficiency due to device size limitations, the MIL(s) of PUSCH and/or Msg3 are worse than that of the bottleneck channel for the reference NR UE and coverage recovery is needed. The amount of coverage recovery is up to 3 dB. For other UL channels, coverage recovery may be not needed. 
· For FR1 including both FDD and TDD bands and RedCap UE with 2 Rx and reduced antenna efficiency, the MIL(s) of all the downlink channels are better than that of the bottleneck channel for the reference NR UE and coverage recovery is not needed. 
· For RedCap UE with 1 Rx and reduced antenna efficiency, dependent on frequency bands and the assumption of DL PSD, the need for coverage recovery can be different 
· For carrier frequency of 4 GHz with DL PSD 24 dBm/MHz, coverage recovery may be needed for the downlink channels of Msg2, Msg4 and PDCCH CSS. A small or moderate compensation can be considered, where the square brackets indicate that the exact amount will depend on the techniques, scenarios, etc.: 
· [1 dB] for PDCCH CSS 
· [2-3 dB] for Msg4 
· 5-6 dB] for Msg2 without TBS scaling. It is noted that coverage loss for Msg2 can be compensated by using the existing TBS scaling technique. 
· For other carrier frequencies or DL PSD of 33 dBm/MHz, coverage recovery is not needed for the downlink channels if the target for coverage recovery is based on the MIL of the bottleneck channel for the reference NR UE. 
· It is noted that in the methodology for RedCap UE coverage recovery target determination, absolute ISD/MPL targets are not considered. 
· The determination of which channels require coverage recovery and the amount of coverage recovery depend on the choice of the target for coverage recovery. 



One more discussion point is which work item should be tasked to discuss the solutions to compensate up to 3dB PUSCH/Msg3 coverage loss for Redcap device. Two candidates exist, either Rel-17 Redcap WI or NR coverage enhancement WI. The core part of coverage enhancement WID is to extend PUSCH/Msg3 coverage with generic repetition scheme, which can be fully reused to achieve coverage recovery of Redcap devices with allowing larger maximum repetition number. Hence, our preference is to handle the coverage recovery for Redcap devices by Rel-17 NR coverage enhancement WI such that the standard efforts can be minimized.   

We therefore proposed: 
Proposal 3: For FR1, up to 3 dB coverage recovery for PUSCH and/or Msg3 transmission should be enhanced on top of what identified in coverage enhancements for non-Redcap devices.  
Proposal 4: PUSCH/Msg3 coverage recovery for Redcap device is to be handled under Rel-17 NR coverage enhancement WI. 

2.3 Power class

PC2 and PC1.5 HPUE have been defined for NR TDD bands. And there is also an on-going study item for PC2 HPUE for one NR FDD band. However, in our view HPUE above PC3 would not suit well for FR1 RedCap UE due to the concern of thermal limit inside a small form factor, battery drain, and implementation cost. On the other hand, PC5 or other power class with maximum output power less than PC3 shall be considered for FR1 RedCap UE.
Proposal 5: HPUE is not considered for FR1 RedCap UE.

3. Conclusion 
In this contribution, we have presented our views with the following proposals: 
Proposal 1: For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is N, where N = 1. N=2 is also supported by specification. 
Proposal 2: For devices supporting 150Mbps peak data rate, specification allows device to optionally signal 40MHz bandwidth with single Rx antenna. 
Proposal 3: For FR1, up to 3 dB coverage recovery for PUSCH and/or Msg3 transmission should be enhanced on top of what identified in coverage enhancements for non-Redcap devices
Proposal 4: PUSCH/Msg3 coverage recovery for Redcap device is to be handled under Rel-17 NR coverage enhancement WI. 
Proposal 5: HPUE is not considered for FR1 RedCap UE.
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